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0 Immunostlmulatory remedies containing pallmfromlo DNA s^uencas. 

® Single-stranded, linear potydeoxyHbonucteotides. with a base number of 10 to 100 containing at least one 
structure represented by the foflowing general formula: 

5'-X„'**)€i>feXiYiYaY»'*"Y»-3' (I) 

( wherein n is an integer, from 3 to 50: X,. Xz. Xa. X„ and Y,. Y2. Y3. Y« are each a 

monodeoxyrfbenuclectWe; Xi , Xi, Xs.* • • and X« may be the same or different nucleotides: and bases in Xi and 
Yi, in )^ and Ya, In X3 and Y3. In • • and In Xn and Y^ are complementary with each other as defined by 
Watson & Cdck ). and double-stranded. Onear polydeoxyribonucleotldes. in wWch at least one single-stranded, 
linear potydeoxyHbonudeoUde contains at least one structure represented by the general fonnula (I), both show 
strong immunostlmulatory activity. 

Thus, remedies containing, as active ingredient sucb a specific polydeoxyribonuleotlde as dsecrit>ed above, 
or a salt thereof, are efficacious against malignant tumors, infecttous diseases. Immunodeficiency diseases and 
autoimmune diseaises. with minimized side-effects. 
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This invention relates to immunostiniutatory remedies capable of arresting and curing diseases 
susceptible to medicines having Immunopharmacological activity, such as malignant tumors, infectious 
diseases, immunodeficiency diseases and autoimmune diseases, by modifying the function of the immune 
system. 

5 Bacterial preparations, polysaccharides, a variety of tow-molecular compounds such as levamisole. and 
various cytoldnes such as interferon, have been used or investigated as iho immunostlmulatory remedies 
against malignant tumors. Infectious diseases, immunodeficiency diseases and autoimmune diseases. 
However, these remedies do not exhibit satisfactory therapeutic effects and cause a variety of unfavorable 
side effects. Hence, there has been a demand for highly efficacious remedies with minimized side effects- 
ro On the other hand, some attempts have also been made to apply nucleic acids to the above purposes. 
The complex of polylnosinic acid and polycytidylic acid, which is a synthetic potyribonuleotide ( hereinafter 
abk>reviated as RNA ), enhances the activity of mouse natural Iciller ceils ( hereinafter abbreviated as NK 
cells ) which are members of the Immune system, and promotes the production of Interferon { hereinafter 
abbreviated as IFN ) which is a regulatory substance in the immune system. It was also proved to be 
ts efficacious gainst experimental tumors presumably by immunological mechanism(s>. 
Dieu. J.Y.. at al,; J. tmmMnol., ^ 175-181 ( 1979 ) 
Levy, H.B., et al.; Pioc. Matl. Acad. Scl..U.S,A.. 62. 3S7-38I ( 1969 ) 

It was reported that a complex of polyadenylic add and polyuridylfc add ( a synthetic RNA ) Is also 
efficadous against experimental tumors. 
20 Lacour, F., et al.; Cancer Res., 32. 648-649 { 1 972 > 

However, these RNAs also cause marked side effects, such as fever, and hence have not yet been put 
into practical use. . ^ 

The present inventors fonfneriy discovered that synthetic polydeoxyribonucleotides ( hereinafter abbre- 
viated as DNAs ) have immunopharmacological activity and are efficadous against malignant, tumors as 
2S synthetic RNAs are. ( Japanese Patent Kokai No.33222/1984 ). Unlike the synthetic RNAs, these synthetic 
' 0I4AS may presumably be useful remedies because of their minimized side effects, such as fever, but 
involve the following problems. . 

(1) The molecular weight must be high ( 30000 Oa or more ) to ensure a satisfactory pharmacological 
actwity, and this requires enzymatic synthesis. The products thus obtained, when used ais a daig, can 
30 contain enzymes left unremoved and are very unsatisfactory In terms of safety. 

<2) It is difficult by enzymatic synthesis to accurately control the molecular-weight distribution of the 
products, and hence the molecular-weight distribution Is generatty different among production lots. This 
is unfavorable in terms of spedfication setting for drugs. 

Accordingly, when a ONA is employed as a <±rug, it Is most desirable to adopt ttie one prepared by 
3S chemteal synthesis without using, any enzyme, tti it Is difficult to synthe^za a ONA having a molecular 
weight of 30000 Da or more at the present techrralogical level 

On the ottier hand, low-molecular DNAs which can be easily synthesized chemically ar9 generally low 
in pharmacological activity and are not generally useful as drugs. 

The object of titis invention is to [provide immunostimulatory remedies containing, as me active 
40 Ingredient a chemically prepared ONA. which are high In safety and exhibit enhanced efficacy and 
usefulness as drugs. 

To solve ttie problems described above, ttte present Inventors had continued intensive studies by 
syntitesizing ONAs witt> various base sequences, and found ttiat ONAs carrying a specific kind oi base 
sequences have strong immwwstimutatDry cttttvity. This bivention was accomplished on ttrn basis of these 
4S findings. 

Thus, this Invention relates to Immunostimulatory remedies contairUng, as the active Ingredient a 
single-stranded, Bnear polydeoxyribonuclrotide with a base number of tO to 100 containing at least one 
structure represented by the foltowing general formula: 

80 S^.)Ci---X3XzX,YiYaY3-"Y„-3' (1) 

< wherein n is an integer from 3 to 50: Xi. Xa. Xa.*** . X. and Y,, Y?. Ya,*^* , Y„ are each a 
mOnodeoxyribonucteotide; Xi. Xa. Xa. • ••and X„ may be ttie same or different nucleotides: and bases in 
Xi and Yi. In Xa and Ya, In and Ya. In and in X, and Y^ are complementary wltti each otiier as 
59 defined by Watson & Crick ) or a salt ttiereof , and to immunostimulatory remedies containing, as the active 
ingredient a double-stranded, linear poiydeoxyribonudeotide or a salt ttiereof. In which at least one single- 
stranded, linear polydeoxyribonucleotide contains at least one structure represented by ttie general formula 
(I). 
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The structure represented by the general forntuia (I) of this invention is a sequence of monodeox- 
yn'bonucleotidos caned palindromic structure, in which Xr and Yt . and Y^. Xi and Ya.* • • . and X« and 
Y are complementary witti each other as defined by Watson & Crick. A pafindromic structure generally 
means one of the symmetric structures found in a double-strandecj DNA, and these structures are the 
recognition site for many Wnds of restriction enzymes. In this invention, this structural nomenclature 
commonly employed for double-stranded ONAs is used also for single-stranded ONAs. for convenience, 
and the structure represented by the gener* formula (I) is hereinafter called the pafindromic structure or 

palindromes. 

V/hat is tb be noticed here is that the single- or douWe-stranded ONAs which are entirely composed of 

alternately repealed seduence of only two types of moncdeoxynudeotides ( for example. G and C. or A and 

T ) cannot achieve the purpose of this invention, "n" in the general formula (1) Is an integer from 3 to 50. 
The following sequences are examples of the desirable structure pf the present invention.wherein Q is a 

deoxyguanylic-add, A Is a deoxyadenyHc add. C is a deoxycytldyBc add and T Is a deoxythymidylic add. 

and wherein the left side is S*-temilnal and the right side is 3'-tenminal in each sequence: 


rs 
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GAGCTC, TAGCTA, AGGCCT, CATATG, TGTACA, GTTAAC, GATATC, 
GGGCCC, TTGCAA ( n = 3 ) 
GTAGCTAC, AAGGCCTT, GGATATCC, CAGGCCTG, GCATATGC, GTGTACAC, 

AGTTAACT ( a « 4 ) 
» AGTAGCTACT, GAAGGCCTTC, AGGATATCCT, GCAGGCCTGC, 
AGCATATGCT ( n » S ) ...... 


35 


To acWsvo- the purpose of this invention, it is more desirable that one or more of the 5*-CQ-3' structure 
b»incli^ed In the structure represented by the genera tomRula.(^ As exantples of such a structure, may 
be mentioned the following sequences: 

CGATCG, ATCGAT. TCGCGAr AACGTT, GCGCGC, CGTACG, AGCGCT, 
CGGCCG, GACGTC, GTCGAC, CGCGCG, ACGCGT, CACGTG ( n » 3 ) 

^ ACGATCGT, GATCGATC, ATCGCGAT; CAACGTXG, AGCGCGCT, ACGTACGT, 
TAGCGCTA, ACGGCCGT, CGACGTCG, CGTCGACG (' n « 4 > 

48 

GACGATGGTC, CGATCGATCG, GATCGCGATC, GCAACGTTGC, 
CAGCGCGCTG, GACGTACGTC, CTAGCGCTAG, GACGGCCGTC, ACGACGTCGT, 
^ ACGTCGAGGT, ACAACGTTGT (naS) 


The single-stranded, nn&ax QHA of this invention is . an unbranched DNA molecula in which each of the 
component monddeoxyribonudeotldes is PinKed to the adjacent monodeoxyribonydeotWe through atS'-S'l 
pho^hodlestar bond. Tlte singte-stranded, linear DNAs carrying less than six bases, which fail to satisfy the 
general formula (D. are not satlsfactoiy. As may be apparent from the Examples <iBScnbe6 later, the longer 
the chain length of slr*ale-stfandBd, anear 01^ the better will be the result However, the purpose of this 
invention may be suffldently achieved with a DNA with a base number in the range from 10 to 100. because 
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synthesis becomes more difficult with increasing chain length and the activity is enhanced very slightly with 
base number more than 45. 

These single-stranded, finear ONAs contain at least one sequence represented by the general formula 
(I), and those containing two or rhore of such sequences may also be used, as requirM. In the latter case. 

5 the sequences contained may be the same with or different from each other, and there may be an 
intervening sequence ( or sequences ) between thes sequences. The sequences other than those of fbrmula 
(t) in the single-stranded, linear 0^4As may be of any type, but should most preferably be a repeated 
structure of deoxyguariylic add as shown in the Examples described later. 

If the iantire t^e sequence of the single-stranded, linear ONAs is composed of alternately repeated 

to sequence of only two kinds of monodeoxyribonudeotides. such as GC and AT, the purpose of this Invention 
cannot be achieved as shown in the Examples. Hence, the base number of the ONAs should be in the 
range from 6 to 100. preferably from 10 to 100. most preferably from 10 to 80. ONAs with base numbers 
exce^edlng too sfiouid be avoided t)ecause chemical synthesis of such ONAs is difficult 

Ooubie<stranded, linear DNA is a double helical complex composed of a stngle*stranded, linear ONA as 

rs described above- [DNA(A)] and a second single-stranded, linear ONA [ DNA(B)] with base sequence which 
are partiaiiy or completely complementary with those of ONA(A). Either DNA(A), ONA(B) or the both must 
contain at least one sequence represented by the general formula (I). Such double-stranded, linear ONAs 
atone have the same immunostimulatory activity as single^stranded. linear ONAs do as shown in the 
Examples descritsed later. 

30 Needless to say, mixtures of a single-stranded linear DNA and a double-str^ed. lindar QNA are also 
included In this invention. 

Single-stranded, linear DNAs can be synthesized by known methods using for instance a ONA 
synthesizer (for exampte, Model 3808 of Applied Blosystems > and, as substrate* deoxynucieoside*^ 
cyanoethylphosphamidita ( fbr example, a product of MiiaGen/Bipsaarch, Dhrision of MilKpore ). The ONAs 
25 ttws synthesized may be used as such, or may be purified, as required, by removing the by-products and 
unreaeted substances to give products of higher purity. Fbr a simple example of such purification process, 
the salt of ONA Formed is ^jredpitated from its solution tiy addition of two times the volume of cofd ethanol: 
the dried precipitate is dissolved in water or in a neutral buffer solution containing a physiological 
concentration of an inorgaitic salt and the solution thus obtained Is used as a remedy. It Is more preferable 
oa to piirify the synthesized ONA by electrophoresis on a polyacrylamide gel or by column chromatography, 
because ONA with the desired base sequence is thus otJtained at a higher purity. Use of other methods for 
chemical synthesis of ONA. such as-phospfKstriester method, may aiso give the same desirable result as 
herein described. Thus, the pharmacohagical activity of the single-stranded, linear DNAs of thia inventon 
depends only upon the tiase sequence and not upon the method of synthesis. 
S9 Double-stranded, linear DNAs can be obtained, for ^campto. by the known method in which equimolar 
amounts of single-straruied, linear ONA(A) and ONA(B) as described above are mixed, heated and cooted. 
Another known ntetliod may aliso be used. In which a double-stranded, linear DNA ie obtained by the use of 
a DNA polymerase u^ng ONA(A) as the terhplate. 

These DNAs may also be used in the form of medidnally approved salts. Fbr example, sodium salts 
40 can be obtained by adding sodium hydroxide to an aqueous solution of ONA of tltis invention to adjust the 
pH to 7. followed by lyophmzation. These ONAs may also be used as a complex with a poiycationtc 
compourtd. such as poiy-L-lysine ( hereinafter abbreviated as PUL ). Such complex can be prepared, for 
example, by mixing an aqueous solutton of ONA of this invention witfi an aqueous solution of PH. so that 
the DNA-PUL weight ratio will be about 4:3. 
49 The Immunostimuiatory remedies of this invention may be used alone or In comtsination with other 
therapeutic means against such diseases the outt)reak of which can be suppressed, or the progress of 
which can be arrested or delayed, by the functions of the immune system. As examples of such diseases, 
may be mentipaed. among others, malignant tumors, autoimmune diseases, Immunodefidency diseases 
and infectious diseases. Malignant tumors are diseases such as gastric c^cer, colorectal cancer, breast 
30 cancer, skin cancer. Over cancer, uterine carreer, reticutosarcomas, lymphosarcomas. leukemias, iym* 
phomas and Ilka diseases. Autoimmune diseases are the diseases which are considered to result from 
impaired self-recognizing function of the immune system, such as rheumatoid arthritis, SLE, juvenile onset 
diatwtes, multiple sclerosis, autoimmune hemolytic anemia aruJ myasthenia gravis, which are considered to 
be effectively Cured by drugs having immuru^pharmacological activity. Infectious diseases are the diseases 
ss caused by infecton with bateria, viruses or protozoans, and are considered to be effecth/ely cured by drugs 
having immuncoharmacclogical activity ( such as interferon ). As shown in tfie Examples described later. 
DNAs of this irtvantlon are capable of inducing interferon and are therefore expected to affecbveiy cure 
irif^ous diseases, especially viral diseases. Immunodeficiency diseases "are the diseases In ^hicn :re 
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functions of immune system are suppressed or lost such as agammaglobulinamia and acquired im- 
munodeficiency syndromes. Among the patients of these diseases, the morbidity of infectious diseases and 
malignant tumors is high, thus adversely . affecting recuperation. ONAs of this invention, which are 
etficactous against malignant tumors and are also capable of inducing mterfemn. are expected to encourage 
the recuperation of the patients suffering immunodeficiency diseases by curing the malignant tumors and 
infectious xliseases which are fikeiy to concur in these patients. 

Sngle- and douWe-strahded. linear DNAs of this invention may be administerd to animal and human 
bodies subcutaneously. intravenously. Intramuscularly, intratumprairy. orally or into tho rectum, and the 
suitable administration route should be selected case by case depentfing.on the type of disease and the 
conditions of the patient For example, intratumoral or subcutaneous administration is preferable m the case 
of maUgnant tumors. The proper dose to humans is I to 1000 mg/day when administered into the rectum or 
orally and Oi)l to too mg/day when administered subcutaneously. intravenously, intratumorally or in- 
tramUcuiarty. Administration should be repeated once or twice per one to seven days, preferably once per 
one or tm days, and the frequency of administration may be variekl and the period of administration may 
ts be further prolonded. as required. . . ^ l 

When administering single- or douWe-stramted. Unear DNAs of this invention to animaJ and human 
bodies subcutaneotisiy. intravenously, intramuscularly or intratumorally. it is preterable to appply rt ^ the 
term o« an injection prepared by .dissolving the DMA in an aqueous solution which is nearly neutral ( pH 5to 
8 ) with a physiologieai osmotic pressure. As examples of such an aqueous solution, may be mentioned the 
isotonic sodium chloride solution specified in Phamiacopoela of Japan, and aqueous s*"*^"*. 
Sr^^unds. addith^s or diluents medicinally approved, "nw single- and double^randed. hnear DNAs 
of this invention may be used as an injection either in the fonn of an aqueous solutton as described above 
or in the fonnti of solid obtained by lyophylizing the same. „ ^ . .^.^ 

The slnole- and double-slranded. Dnear DNAs of tWs invention, when orafly administered to animal anfl 
human bodhU. may be used In the form of capsules, gnmules. pins, fine gra^ 

'^The*''tedrttl^?%»ciflc base sequence In a ONA molecule has an important effect upon its 
Immunostimulatory actlvrty has not been known at ail. and this is a completely new ""dlng^ 

ONAs of this invention enhance the produdton of interferon and macrophage activating factor, thus 
activating NK cells and macrophages, also enhance the production of colony-stimulating factor, promote the 
proliferatton of lymphocytes, and are therefore considered to exhibit a wWe range of immunostimulatory 
activity, in addition, these DNAs proved to be very efficacious remadlea against experimental tumors, and 
experimental models for Immunodeficiency diseases and for autoimmune diseases, through their im- 
nviwstimulatory activity. Furthermore, the acute toxicity of these DNAs is much lower than that of synthetic 
BNfii thus these DNAs are expected to be highly efficacious and usehil remedies against malignant tumors, 
various auto-lnununa diseases; immunodeficiency diseases and infectious diseases. 

eXAMPl£8 

Detailed below are Test Methods and B«mptes. In which guanine, adenine, cytodne and thymine ( 
bases contained in nucleic acids ) are abbreviated as Q. A. C and T. respectively, ajid the nucleotide 
seauen(» In each ONA molecule Is represented so that the left side is S-.tennlilal and the rij^t side .s 3 - 
terminal. The base sequence in each DNA.used m the Examples is shown in ti» Sequence Ust appended 
at the end of this speciBcaflon. The comptex of polyindsinic add and polycytidyllc and ( heranafter 
abbreviated as poly«« ). wWch is a synthetic RNA used as ttie control remedy, was purchased .rom 
Yamasa Shoyu. 

Test l>tethod 1 ( In^ tests on the augmentation of mouse NK-ceO activity, on ttw production of ;mgffercn. 
anTon awTpfSAictton of macrophage activating factor ) • 


20 


3S 


30 
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The tests were perfOnned according tt the known method described in the fbllowlr^ Bterature: 

Yamamote. S.. et al.: Jpn. J. Cancer Res., TO. 868-873 ( 1 988 ) ^ 
provided ttiat ttte NK-ceU activity was measured by a four-hour ««Cr retease assay using YAC- .e.is as 
tergete. and the result was expressed by the average of tripOcate measurwnents and me sttndard cevat cn 
i9 The effectijr to targiet ratio was lOOU unless otiierwise stated. 

Test Metftod 2 ( Titration of coiony-sUmulating factor ) 
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The titer of cotony*sttmulating factor in the serum of female BAL&C mouse to whrch ON A had been 
administered was measured by the known method described in the following literature: 
Bradley. TlR. & AAetcalf. 0.; J. Exp. Biol. Med. Set.. 44. 287*300 ( 1968 > 

s Test Method 3 ( Measurement of the acflyity to enhance the proftferatton of iymphocytes ) 

BAUB/C mice ( female, six weeks old, specific pathogen-free ) purchased were bred for at least one 
day. and a solution of ONA in PBS was administered subcutaneously. These test animals were idlled by 
cen/ical dislocation after one. two. three or seven days. Spleens were Immediately removed aseptically. 
ro transferred to H6SS containing 2% PCS, and then forced to pass through a 80- or lOO-mesh staintess-steel 
screen. The single cell suspension thus obtained was centiifuged for five minutes at 1400 rpm, and the cells 
precipitated were collected by removing the supernatant 

the cells were suspended in RPM11640 medium containing 10% PCS and 25 ulM 2-mercaptDethanol ( 
hereinafter referred to as "ME medium** ), and was centrtfuged for five minutes at 1400 rpm. The celts were 
collected and suspended in ME mediump and an aGquot of the suspension was talcen for the measurement 
of the cell concentration by the trypan blue dye-exclusion method. 

The cell suspension was diluted with ME medltim^ and concanavalln A ( hereinafter abbreviated as 
ConA ) was added so that the cell and Con A concentrations were 5 x tO^/ml and 4 u.g/ml. respectively. Two 
tenth milliliters of the cell Suspension was transferred to a 96-well plastic microptate and was cultured at 
20 37' C for 48 hours under 5% C02. Twenty microliters of pHJ-thymldlne ( 0.37 M8q/mU N6T-027A: product 
of New^gland Nudear Co.. Ltd. ) was added, and the cutture was further continued for 20 hours. 

.The cultured ceils were collected on a giass filter t>y the use of a cell harvester (product of Skatron Co.. 
Ltd.) and dried, and the radioactivity incorporated into the cells was measured with a liquid scintillation 
counter using a liquid ecintiftator (Econofiuar. NEF-941; product of New^.England Nuclear COm Ltd.). Triplicate 
25 experiments were conducted both in the presence and-in the absence of ConA. and the ratio of the two 
averages - Stimulation Index ( S.I. ) - was calcuiatsd: 

g ^ _ Radioactivity incorporated in the presence of ConA ( cpm) 
30 * * Radioactivity incorporated in the absence ot ConA (cpm) 


Test Method 4 ( Measurement of antitumor activity against mouse tumors ) 
OS " . 

C0F1 mice ( female, six weeics old. speciffe pathogen-^free ) purchased were bred for at least one day. 
and the hairs on the right abctominal region were removed over an area of 5mm square. Separately, ascitic 
IMC cardnoma cells were coilectad from the peritoneal cavity of C0P1 mouse and subjected to centrifugal 
washing with HBSS; the number of. living cells contained was calculated by the trypan blue dye-exclusion 
40 method; HBSS was added to give a cell concentration of 5 x lO^/mi; and OJ ml of the celt suspension was 
injected into the right flank of the mice. 

Beginning from four days after the tumor implantation, a solution of ONA in PBS was repeatedly 
admtnistered Into and around, the tumor every other day fbr a total of six times; tiie test animals were killed 
30 days after the Implantation: the tumors were cut out, and their weight was measured. 

48 

Test Method 5 ( Test on the efficacy against rat adjuvant arthritis ) 

Male SO rats ( seven weeks old > were bred for one week. Separately, lyophilized ctead cefls of 
Mycot)acterium tuberculosis ( Aoyama B strain; product of Oifbo Laboratories ) were suspended in sterilized 
so liquid paraffin ( Mark & Co., inc. ) at a concentration of 5 mg/mi, and 04 ml of this suspension was infected 
Into a hind-leg pad of the above test rats under ether anesthesia to Induce adjuvant aitivitis. .A solution of 
DNA In PBS was then administered subcutaneously l» 3, 5, 7, 9 and II days after adjuvant administration. 

Tt\e extent of secondary Inflammation was determined t)y measuring the volume of footpad; the position 
7 mm above the knee Joint of the untreated hind leg was marked, and the footpad volume under this 
5S marked position was measured with a plesthymometar. Inflammation Index was defined as the firactional 
increase (%) of the footpad volume as compared to that on the day of adjuvant Inoculation. 

Test Method g ( Test of efficacy on MRL/MPJ-lpr mouse autoimmune disease model ) 
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A solution of ONA in P8S was administePDd to MRLMPJ-lpf mice ( temalo, six weeks pid ) 
subcutaneousty three times per week, and the amount of protein cn the urine was calculated from the urine 
volume excreted during 16 hours and the protein concentration therein. 

5 Test Method 7 ( Acute toxicity test in mice ) 

DNA or RNA was administered to ICR mice ( 10 mice per group ) intravenously Civ ) or intraperttoneaity ( 
ip ). and the number of Hving mice was counted 24 hours after administration. Graphs were made in which 
the ratio of Hving mice was plotted against the amount of DNA or RNA administered, and 0to .amount of 
ro DNA or RNA per body weight that will kill half of the mice was estimated • LD$a > mg/kg ). 

Test Method 8 ( Test of efHcacy against mice infected with LP-8M5 virusQS ) 

Stock solution of LP-BM5 viruses ( 0^ ml } was injected intraperitpneally to each of C57BLylO mice ( 
15 five weeks old )• From the next day, mice were fed with drinking water ad libitum to which azidothymidine ( 
AZT) used as a qontrol drug, was added at a concai^tration of 0.5 mg/ml. DNA was administered 
tntraperitofieatty every day in an amount of I mg as a solution in PBS. Hve weeks after the virus infection, 
the spleen cells obtained from the mice were suspended in RPMII640 medium containing 10% FCS at a cell 
concentration of 1 x lO'/ml. After culturing tiie cells at.37* C tor 20 hours under 5% COa in ttie presence of 
20 IL-2 ( lOOb U/mJ. a product of Genzyme Corp.), NK cell activity was measured. 

Test Method 9 ( Quantitation of ONA ) 

DNA was dissolved in O^M phosphate buffer ( pH 7.0 ), and tite absorbance at ^0 nm was 
2S measured with the same buffer used as reference. DNA concentration was determined by assuming tttat the 
concentration of DNA that gave an absorbance of 1 was 20 ug/ml. 

Example 1 ( Preparation* of tablets containing, as active ingredient a single*stranded, (inear ONA of this 
invention f " 

•30 • ' 

A mixture of 5 g of. sodium salt of a single-stranded, linear DNA ( Sequence 1 ), 53 g of lactose. 50 g of 
com starch and 35 g of crystalline cellulose was kneaded with a solution of 5 g hydroxypropyk^Uulose in 10 
ml water to form granules, which were dried at 50^ for four hours. Magnesium stearate ( 2 g ) was tiien 
admixed, and the mixture was compressed Into tablets ( each weigtting 200 mg ) by ttie use of a tabletting 
35 machine. 

Exarnple 2 ( Preparation of capsules containing, as active Ingredient a single^stranded, linear DNA of this 
invention Y ' 

40 A mixture of S g of sodhim salt of a single-stranded, linear DNA ( Sequence 1 ), 124 g of lactose, 90 g 
of com starch, 70 g of crystalline cellutose and 11 g of magnetium s^arate was fined Into hard gelatin 
capsules (300 mg in each ) by the use of a capsule tilling machine, ttuis giving capsules. 

Example 3 ( Preparation of parenteral Injections contairung. ^ active Ingrsctient a 8ingle*3trarKled, nnear 
45 DNA Of tills Invention ) 

One gram of sodium salt of a slngle*stranded. Oiiear ONA ( Sequence 1 ) and 0.5 g of sodium chloride 
were dissolved In 1 nter of distilled water for iniection. and the mixture was filtBiied and sterilized, ttius 
giving injections. 

so 

Example 4 

The fact that DNAs. containing panndromie structure have stronger Immunopharmacotogical activity than 
those containir^g no pafiruSromic structure was demonstrated by tfie following experiments. 
59 A single-stranded. linear DNA ( Sequence 1 ) witii a base number of 45 containing a palindromic 
structure ( GACGTC ) had a strong activity to augment the mouse NK-cell activity (Table 1 ). In contrast a 
single-stranded, Rndar ONA ( Sequence 21 > wttti a base number of 45 containing no palindromic structure 
had a weaker activity to augment the mouse NK-cell activity ( Table 1 ). 
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Table 1 


Test Sample 

Number of Bases 

Concn . 

NK-CelL Activity 

Contirol 


0 

14.3tU3 

Sequence 1 ' 

45 

10 

26.4a:2.6 



50 

S6.8±3,4 



100 

65.3±4.1 



500 

60.4±3.9 

Sequence 2 

45 

10 

1 4 • 1 ±1 ♦ T 



50 

15.0±2.0 



100 

20 .0^:2. 2 



500 

17.9±2.1 


'*Concn.'* means the final concentration of DNA ( >i5/^ ) 
dtiring the misuse spleen cell ciilture. 
"Control'^^means the case in which the spleen cells 
were cultured in a mediiun containing no DNA* 


Comparison made between two DNA molecutes ( Sequence 3 and Sequence 4 } with a^ase number of 
30 ( partial structures of Sequence 1 ) indicated that the DMA containing a palindromic structure ( Sequence 
3 ) had a stronger activity to augment the NK-cell activity than the DNA containing no palindromic structure 
( Sequence 4 ) ( Table 2 ). 

Table 2 


Test Sample Number of Bases NK-Cell Activity 


Contro). 



14.8t0.4 

Sequence 

1 

4S 

S7.1±2.2 

. Sequence 

3 

30 

4S.9«2.1 

Sequence 

If 

30 

15.0*1 .4 


Each DHA was added to spleen cells to give a 
final concentration of 60 icg/ml. 


The DMA ( Sequence 5 ). which was of much the same structure as the DNA ( Sequence 3 ) evcect 
tfiat the array of two ad]acem nucleotides (GT) In the paQndromic stnjcture was replaced with an array zt 
reversed nucleotide sequence (TG), had a weaker activity to augment the NK-cell activity than the Ona . 
Sequence 3 ) ( Table 3 ). However, the ONA (Sequence 6 ), which was of much the same structure as -r^ 
ONA ( Sequence 3 ) except that the anay of two adjacent nucleotides (GT) tn the portidn other '^a^ ^9 
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) 


10 


. . ^cture was replaced wim a revised Wance of nuc.eo«des (TGK had a strong activity to 

SrrSeTKr a^r^tv ^^-^^--J^^r^ „ «,o O.^ < seance 3 , except tnat 

^ The DMA { Sequence 7 >. whK:h 'S of mu^ »e M«« ^J^^^ acSvity to augment the 

one miteoiKie IQ in me panndrom.c s^cu.m Is lajng ^^^J^^^^JJ^^ ^ sequence 8 ). which is of 
m^X «*vity than .he ONM ^ one nucleotide (Q « me Po;«o" o'''^ 

tt« palindromic structure is translocated to f f ^^'nai-^^dss 9 ^ ^ ^ ,^ ^.^^ ^ 

Svity than thai of.tho ONA ( Sequence 3 ) ( Table 4 ). 


75 


20 


Table 3 


' 14.1*2-0 


30 


control 
Sequence 3 
Sequence 5 
Sequence 6 
Sequence 7 
Sequence 8 


30 

30 

30 

29 

29 


4a,at2.6 

45-3*2-3 
-I5*4±1.4 
50.9*1.9 


Vach DNA was added to spleen cells to a 
final concentration of 50 ^g/^l. 



Sequence 3 
Sequence 9 
Sequence 10 


Each DMA was added to spleen cells' to a 
final concentration of 50 ^g/ml. 

ih- n«sanea «f me panndromic structure (GACQTO 

,t was demonstrated ^'-^^^'T^ T^fS^HK^y^' ^ ^ ^ """^ 
« has an tmportanl effect, upon me 0^^s«*^^ 

can be obtainad if me palindronjta structure 18 tacateq in Bw«n 

Example 5 


i EP0 468S20A2 f 

The following experiments demonstrated that the same is true of patindromic structures other than the 
one shown in Example t (QACOTC): single-stranded, linear ONAs containing any of these patindromic 
structures exhibited a stronger immunopharmacotogical activity than ONAs not containing these structures. 

The ONAs ( Sequences 1 1 and 12 ), which were of much the same structure as the ONA ( Sequence 3 
) except that the palindrome (GACGTC) was replaced with other types of palindromes (AQC6CT and 
AAC3TT), had a Strong activity to augment the NK-cell activity iilce the ONA ( Sequence 3 ) ( Table 5 ). 

Table S 

Test Sajaple Niimber of Bases NK-Cell Aetivity 
Control 140*2-0 
Sequence J 30 48.3±2*6 
Sequence 11 30 52.3±3.3 
Sequence 12 30 43,7±2>3 


10 


20 


2S 


Each ONA was added to spleen cells to a 
final concentration of SO ^g/ml* 


A single-Stranded. nnear'DNA containing no patindromic structure ( Sequence 13) had only a weak 
' activity to augment the NK-ceil activity, while DNAs ( Sequence 1 4 through 20 ), which were of much the 
same structure as the ONAr( Sequence 13 ) except that a part of the base sequence was replaced with a 
palindromic structure each had a strong activity { Table 9 ). 

30 

Table 6 



Test Sample 

Palindrome MK«- 

Cell Activity 

38 

Control 



14.3±0.4 


Sequence 

3 

GACGTC 

46.2^1 .5 

40 

Sequence 

13 

Nona 

14.41:1.0 


Sequence 

14 

GACGTC 

49.1±1 .6 


Sequence 

15 

CGATCG 

48.7£6.9 

43 

Sequence 

16 

AtCGAT 

43.S±1 .2 


Sequence 

17 

TCGCGA 

44.3±0.9 

SO 

Sequence 

18 

GCGCGC 

48.4±0.5 


Sequence 

19 

CGTACG 

42.9±0.7 


Sequence 

20. 

' CGGCCG 

43.S±0.9 

88 

Each DMA was 

added td spleen 

cells to a 


final concentration o£ 50 ytg/nl. 
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Example 6 

The following experiment demonstrated that DNAs containing a pafindromic stnicture with a base 
number of 8 or 10 also have a high immunopharmacological activity. The PNA ( Sequence 21 ) containing a 
oalindnjmic structure (GACGTC). and the ONAs ( Sequences 22 and 23 ) containing an expanded 
oalindromic structure (GGACGTCC. CGGACQTCCQ). had a strong activity to augment the NK-cell activity ( 
Table 7 ). However, the ONA ( Sequence 24 ) containing a curtailed GACGTC structure (ACQT) had only a 
low activity. 


10 Table 7 


TS 


20 


Test Sample Paliadrogie N^K-Cell Activity 
Control 14.9-1.0 
Sequence 24 ACGT n5.Q±0.3 

Sequence 2 1 GACGTC 4 2 • 3 ± 1 . 1 

Sequence 22 GGACGTCC 45 • 5^:2.2 

Sequence 23 CGGACGTCCG 52>6±1 .5 

Each DWA was added to spleen cells to a 
final concentration of SO ^g/ml. 


30 Example 7 

The fact that the Immunopharmacological activity of ONAs containing a palindromic structure depends 
on the molecular length was discovered from the results of the following experiments. 

Comparison of the activity to augment the NK-cell activity among DNAs ( Sequences 25 thnDugh 32 ) 
35 with a palindromic stnicture in the central position and having a variety of molecular lengths ( number of 
bases: 6 to 80 ) showed that the activity was obseived only in the DNAs having 10 or more bases, 
increased with the number of bases, and changed IWIe when the number of bases exceeded 46 ( Table 8 ). 


50 


55 
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; \ . X IS 9 w . oeUupx^, 


iikoCtcall Aetlvitv • 



* Cft rt t If o 3_ * • • - " 





S A n 11 Anc id 7 ^ 

,i9 O w &,&W !B ^ 

6' 




' • iff M ;m % V v% ' *% 1^ 

: * 

Zpo 1 SI 

•. 


S^iiuence 27 . 

./IS' ;.j 

28.8*1 .-3 ' 





37v9l:1 .2 



■ . ' • ' ■ •. * - . 

•••3.0- 

..; 45. 6*2.1 . — ' 



'.Seqiienoe '30 


'55.3*1.3 " * 



' Seftuenoe 31 


55,0*3.0 . 



Seq^uencd 32 

:80- ■ . 

>: 57.1*2.4 



> was added to si^laan . cells to a 

• : f . . 



30 Example 8 


The imrntmopharri^^ was obsarved aJso in pf4Aa multlpte paQndrmic structures. 


'NK-cett acttvily. these ONAs mr^ dl much the same structure as tH<» ONA ( Sequence 1. ) excef»t ^ pait 

..'"■Tabl^ .9 


40 


80 


Teat Sample iTumlaer of Pallndrooes yK^^Cell Activity 
-Coi^trGli • ' ■ -..J; 14. 2t0 -. 6 

r'.. Sequince-I- ■ 'I. - - , J7.1ife2*3 ' J^-.^ 

' •■;-.:-$eq^ 2. "V 32.3*2.5 

.V'SequeiicQ 34 ' 3^ -'H.-'- 39. 0*2* 5 

.Sequence; 35*- 4-.. .v"'^' 46^1 ±3.0 

•';sequejnc:#'.3^:; 5. " - ;/ ' S0.Sj£4.2 

/'■'f - ';. ,;:V;Eac^^ to ^.spleie'n- .^cells to a ' 

: fi.ndJL coneaatration*'p£ iOyt^/n^^ ^ > 

The DNAs (. Seqtmnces 37 through. 39 ) cornpos^ of ^^r^^ ^dtructurss also had the 
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activity to augment the NK-cetl activity { Table 10 ). 

Table 10 


Control 



14»2±0.S 


Sequence 

37 

GACGTC 

45-1*3.2 


Sequence 

38 

CACGTG 

47.6±2.9 


Sequence. 

39 

AACGTT 

42.5±3,2 



, a;iCL^*» wk;»" ' 

final concentration of 20 ^g/ml, 


■n» panndrome«ntaliUng ONA which carrtes only guanine and \ 
SeouSceW > and the one which carrtes only adenine and thymme as component base ( Sequence 41 ) 
had only a weak acavfty to auament the NK-ceU activity ( Table 1 1 ). 


Table 11 

Test Sample 

Palindrome 

Component Base 

NK--Cell Activity 

Control 



14.4±1.6 

Sequence 3 

GACGTC 

G, A, C, T 

46.3±2.S 

Sequence 40 

GCGCGC 

Gr C 

14.9tl .3 

Sequence 41 

ATATAT 

A, T 

14.5*1.4 


40 Each DNA was added to spleen cells to a 

final concentration of SO ^g/ml. 

It was demaurtraied' from the above resutts that hi order for a ^^^^^^^J^^^, 
Z^SSZSS^?^ conLad therein must be ten or more: and the sequence entirely composed of 
repetition of GO* or At-array are unfavorable. 

so Example 10 

angte-atranded. Onear DNAa containing pafindremlc stnicture "f"^ ( herelnalter abbre- 

pafindromic structure was weaker ( Table 12 ). 
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Table 12 


Test Sample 

b!umber o£ 
Bases 

Concn . 

IFU Titer 
(XU/ml) 

ilAF Activity 
it) 

Control 


0 

<5 

Q.0±0.5 

Sequence 1 

45 

10 

56 

15.2i:1 .1 



100 

362 

25*1i2.3 

Sequence 2 

45 

10 

10 

3.2S0.7 



100 

22 

10.9£0.5 


"Concn." indicates the final concentration (}ig/ml) 
o£ DNA added to mouse spleen cells. 


Example 11 

Single-stranded, Bnear DMAs containing palindromic structure had an activity to induce .colony stimulat- 
ing, factor ( hereinafter abbreviated as CSF ). An Intravenous administration of the DNA { Sequence t ) 
containing a paflndromtc structure with a base number of 45 caused the increase of the serum CSF titer, 
which reached its peak six hours after admirtistration ( Table 13 ). No such activity was observed with the 
DNA { Sequence 2 ) without palindromic structure. 


Table 13 

Test Sample 

Tliae after Administration 

Clumber ofcColonies 
( 10^5 calls ) 

Control 

0 

2 

Sequence 1 

1 

4 



10* 



35** 


12 

12* 


24 

3 

Sequence 2 

1 

2 


3 

2 


G 

3 


12 

5 


24 

1 


Each DNA vas administered in an amount o£ 5mg. 
p<0.0S> p<0.01 ( by Student's t-test ) 
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containing ONA t ^^^]^ ^oJ^TsZ^ ^ ) P^^-romic stru«ure. 

5 sMdh activity was obsarved with tt» DNA t 

Table ^ 4 


ta 


S.I- 


Cocvtrol 
Sequence 1 


Sequen.c3 2 


42.3 

7S."»** 

66.7* 

47.9* 

45.5 

43.1 

42.0 


30 immnophamiacologlcal.activities. 

Exampte 13 . . . j .„ 

: < \ »rith ft hasa number ol 45 »«s administered to 

When the paTrndajme^ntaioing °NMS^;^~3iJp^T«« tumor weight ( "ame.y^ ^tumor 
35 mice bearing .MC ^-^^r^ T ^"h^ ( ^"^-^^ 2 ) with a base number of 4S w„hout 

s;i2i,!nrjr:?-ra^"^acti.t.<Tab.i5). 


SO 


55 


15 
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Table IS 


Test Sanpie 

Dose 

t/cg) 

Tumor Weight 

^ Suppression 

Control 


0 

2,552:1 .20 

0 

Gsquenco 1 

TO 

K 6 

1 •BSiCSI 

27 


100 

X G 

0.25±0.62 

90 

Sequonca 2 

10 

:c 6 

2.46±1 .30 

4 


100 

X 6 

2.i5±1 .16 

16 


IMC carcinoma cells were implanted to CDFl mice ( each 
group consisting of eight heads ), and, beginning from 
four days after implantation , the test samples were 
administered intratumorally every other day for a total 
of six times. The ttimor weitht was measured 30 days 
after implantation. 

Example 14 

The single-stranded, linear DNA ( Sequence 1 } containing a patindromic structure was effective in 
suppressing the secondary inflammation in rat adjuvant arthritis model ( Table 16 ), while no such activity 
was ot)served with the ONA { Sequence 2 ) without palindromto structure. 




Table 1 

S 



Tsct Sample 


^nflamnatiion Index 1^) 


^10 Days 

1 4 Days 

17 Days 

21 Dai's 

2G Days 

Control 

9.8±2.0 

43,7±5.2 


65.7±8.4 

59.1±3.7 


2.1 ±1 -a** 

30.3±3,2* 

33-2±5.5* 

49.2±5.6* 

52.8±9.3 

SeQUsnce 2 

a.2±2«5 

42.2±5.3 

S4*7±7.6 

62.2±0.2 

56.1±5.3 


The extent of secondary inflammation after adjuvant 
injection is expressed by the fractional increase in 
footpad volume. 


The dose of DNA was 2 mg/rat.- *s p<0.05» »*t p<a.01 
( Student •s t-test ) 


16 


EP 0 468 520 Al. 


Exampte 15 

Administration of the single^sd'anded. linear DMA ( Sequence 1 ) containing a palindromic structure to 
the autoimmurte disease model, MRLrMPJ-tpr mice which suffer spontaneous outbreak of such diseases, 
suppressed the amount of protein excreted in the urine ( Table 17 ). However, no such activity was observed 
with the DNA ( Sequence 2 ) without palindromic structure. 


:able 17 


to 


t$ 


20 


25 


Test Sample Dose 

(Bag/kg) 


Protein Content in the Urine (mg) 


At the Start 


After 4 Ueeks 


Control 
Sequence 1 


Sequence 2 


0 

□ •03 

0.3 

3 

0.03 
0,3 

3 


0.7±0.5 
0.7±0.5 
0.740.5 
0.6±0.4 
0.7±0.G 
0.5±0.4 
0.7±0.5 


4.0±2,6 
3.1 ±1 .0 
3.3±1 .8 
3.5±1 .3 
4.1±2.3 
3.5±1 .6 
3.9^3.0 


00 

Table 17 ( contd. ) 


35 

Test Sample 

Dose 
(mg/kg) 

Protein Content 

in the Urine (mg) 

After 8 Vfeeks 

After 12 VJeeks 


Control 

0 

7.t±13.S 

13.G±22.2 

40 

Sequence 1 

0.03 

2.5±3.1 

4,5±6.1 



0.3 

1 .7±1 .1* 

8.6±12.3 

4S 


3 

3.2±5.8 

9.7±16.1 


Sequence 2 

0.03 

7.3±9.5 

12. 6^6. 2 



0.3 

5.3±5.2 

10.7±12.3 

SO 


3 

5.4±4.0 

13«0±18.8 


*: p<0-05 ( Student's t-tgest 1 


55 The above results demonstrated that synthetic DNAs containing palindromic structure have not only 
immunopharmacoiogscai activities but also therapeutic effects on various dis eas es which are Icnown to be 
susceptibie to drugs with immunophanriacoiogrcai activity. 
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There was Bttf©; diffemitco in tha activity to augment the Nk-cslV activity twtweeh ih^ singiia^andeCl/ 
linear DNA ( ^uence 1 ) and the double-stranded, linear DNA ( Sequenqd 42 ) which was cpmpbscid of 
8 me above DMA ( Sequence i ) and a second singlMtraMed. DrM^ ONA'wtth a corhplen:idntary sequence 
to.tbatof the lb«ner( Table 18). . ' _ • '-^'• y' --, ' > - 


■v. •■• 


10 


90 


Table 13 


Test Sgntple Coaca, ifig/nl) NK-C&II Activity 


Canitrbi. / 

.0 ■ • 

14.2*0.5 



: : 21.?*1.2 


1 00 

44«0±2.:T _ 

Sequjsnce 42 - 

10 



100 



Bcampfe 17 ^ ,^ ^ 

: :: Aftiong the PNAs ( Seitbencee 43 thnMigh 48 } ccmyhing the same paiindromlc stnjcture {<3u^GTC^ 
tiie ONA ( Sequence 43.>; wHoise sequence othtsr ttian the psdlndrom^ s^^ was a slmpl^^ n»pe^tlon "bf : 
; deqxyguanyKc add. had the strongest, acthrity fo augjrnent the NK-c0» activity ( Table 19 .): .. 


Table 19 


Coatrol 




iSeqiience 


;54v4i2^4: . • 

.■-■^'.-f-'f 

Saqpienee 44 


32^t^1;it:/ 


Sequence 45 


20.. sit* 2;:"' 


Seqnien^e 4$ 

c "*"*■ "' 

MS - ^^^9 ' 


^^Seqaeape 47 


2Si&$ii.^''.;; 


Se^ence 48 

... GA 

25.Q-b1 .1 



so 


Each PVTA «ras added to slprled^ lO^Xis to a 
einal concentration b£ SO ytg/iol • 


SB Example 18 .. "•, •-:••?*■.>*; 

ONAs containing the 5'-CG^^' structure tn the pdattdrotnto a ^^ronger acttvity to iwijft^ert 

J ihelNK^eltacttvity than trb» without the 9*-^ r . ' 
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Table 20 

Test Sample 

Palihdrotaa 

riK-Call Activity 

Control 


12.3±0.6 

Sequence 1 1 

AACGTT 

50.0±1 .8 

Sequence 1 2 

AGCGCT 

4a.2±1.9 

Sequence 49 

CGATCG 

47.7£l .4 

Sequence 50 

ATCGAT 

47»0±1 -6 

Sequence 51 

TCGCGA 

47.0t2.0 

Sequence 52 

GCGCGC 

46.9dl:1 .2 

Sequence S3 

CG-TACG 

46.6±1 .9. 

Sequence 54 

AGCGCT 

45. 7 ±1 .0 

Sequence 55 

CGGCCG 

44,24:1 .7 

Sequence 3 

GACGTC 

42.1±1 .5 

Sequence 56 

GTCGAC 

42.0±1 .3 

Sequence 57 

CGCGQS 

40.1 .4 

Sequence 58 

ACGCGT 

39-S±1 .5 

Sequence 59 

AAGCTT 

20.1 :tb.0 

Sequence 60 

TTATAA 

19.5*6.5 

Sequence 61 

TATATA 

18.3*0.4 

Sequence 62 

AGTACT 

18.0±0.7 

Sequence 63 

GAATTC 

17.7*0.6 

Sequence 64 

CTGCAG 

17. 5*0.5 

Sequence 65 

AAATTT 

17.5*0.7 

Sequence 66 

CCT?*GG 

17.0*0.7 

Each DUA was 

added to 

spleen colls to a 


final concentration of 50 ^/ntl. 


Example 19 

tn mice infected with LP«8M5 viruses ( modal animais for ImmunoddfidBncy diseases ), the NKrceW 
acthnly of the lymphocytes was not enhairwed by lU-a stimulation unCke in normal mica: however; In the 
virus-infected mica to which the single-stranded. Onear ONA { Sequence 1 ) containing a palindromic 
structure had tseen administered, IL-2 was able to enhance the NK^can actMty of the lymphocytes ( Table 
21 )* The degree of enhancement was nearly the same as that observed in the .IL-2-stimulated lymphocytes 
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) 


Of normal mice, and the IL-2-sttmulated lymphoeytes of infected mice to which A2T ( azidothymidine. a 
remedy for AIDS ) had been administered. But no such effect was observed with the single-stranded. Unear 
ONA ( Sequence 2 ) without palindromic struciure. 

Tabic 21 


10 


t9~ 


20 


25 


00 


;-!ouse 

Rcmedv 

IL-2 i\ddition 

WK-Call Aettvi ty 

Hormal 

Mone 


7.6±0.9 



♦ 

23.5*1.5 

Infected 

Control (PBST 


1.1*0.4 




1.1*0.2 

Infected 

Sequence 1 


5.9*0.S 




24.1*1 .4 

Infected 

Sequence 2 


3.3*0\.S . 



+ 

3.5*0.7 

Infected 

A2T 


1.9*1.0 



♦ 

21.4*0.6 


Example 20 

oa The single-stranded, Dnear ONA { Sequence 1 ) containing a paOndromIc structure augmented the NK- 
ceil activfty and induced Interferon even in SCIO mice ( model animals for severe combined Im- 
nruinodeficiency ). but no such effect was observed with the singl^-stramted. linear OHA ( Sequence 2 ) 
without paHndromic structure ( Table 22 ). 


60 
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TabL3 22 

:iouse 

Test Sample 

MK-Cell Activity 

XFt-I Tit3r (U/nl) 


Control 

5-2±0.5 

<4 


Sequence 1 

15. 4*0. 7 

12G 


Sequence 2 

5.4±0«3 

<4. 

SCID 

Control 

18.3±1 .0 

16 


. Sequence 1 

43.9*1 .5 

25G 


Sequence 2 

20.0*1 .1 

1.6 

Each 

DHA was added 

to spleen cells 

to a final 


concentration of 20 ^/ral. 
NK-cell activity was measured atanEtT ratio of 25ii. 

It was damohstrated tmm the msults obtained In Examples 19 and 20 that the smglej^anded. Raeir 
ONAs of this invention containing paUndiomIc structure are capable ot restoring { at least partiaily ) me 
immunological functlona of immunodeficiency disease modeltnloe. 

Example 2i 

Acute toxicity of the synthetic ONAs ( Sequences 1 and 3 ) with a base nwriber of -W^and 30. 
respecttwIy.W^temaitably low as compared to tittt Of me synth^ RN^ 

23). 


9 


Table 23 

Test Saciple 

Admlnlstratiion Route 

LD50 (n^g/lcs) 

lum ( . Sequence 1 ) 

iv 

>500 


iP 

>1.000 

DCUV ( Sequence 3 ) 

Iv 

>S00 


iP 

>ipoo 

polyZ:C 

Iv 

Q 


iP 

30 


In addtthm. intraperitoneal administration of each of me syrthelte 0W« ( SW««» <f- 
IB. 17 1& 19. 20. 21. 22. 23. 24. 28. 27. 28. 29. 30. 31. 32. 33. 34. 35. 38. 37. 38. 39. AZ. 43. 44. 45. *9. 
ss S Si! 5? 53. 54. SS. 58. 57 and 58) to OOY mice ( each 8«up consisting of ten heads), caused no death 

or body weight loss In any of the mice tested in ona^i»eelc observaton period. 
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SEQUENCE LISTING 

S^auence No . : 1 

Length of sequence: 45 

Type of sequence: Nucleic acid 

Type of Chain : S i ng 1 e- Stranded 

Topology: Li near 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome CGACGTC) 
ACCGATGACa TCGCCGGT&A GGGCACCACG ACGGCCACCG TGCTG 

Sequence No . : 2 

Length of sequence: 45 

Ty^e of sequence :' Nuel ei c acfd 

Type of Chain : S i ng i e- Stranded 

Topology: Linear 

ICind of sequence: Other nueteie acid; synthetic DNA 
Features of sequence: 

AAAAGAAGTG GGGZGCCCCC ACGATCACCA ACGATGGTGT GTCCA 

Sequence No . : 3 

Leirigth of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e- stranded 

Topology: Linear 

Kind of sequence: Other nuele.ie acid; synthetic DNA 
Features of sequence: P.: Contains palindrome (GACQTC) 
ACCaAT6AC<3 TCGCC6GT6A C66CACCAC6 
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Saauencd Mo . : 4> 

Length of sequence: 30 

Type of sequence: Nucleic acid: 

Type cf Chain : S I ne I e- Stranded 

Topoloaty: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: 
GGTGACGQCA CCACGACGGC CACCGTGCTG 

Sequence No . : 5 

Lenoth cf sequence: 30 • 

Type of sequence: Nucleic ^cld 

Type of Cha4n : SI ns I e- stranded 

Topoloety: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: 
ACCGATGACT QCGCCGGTQA CQGCACCAC6 

Sequence No . : 6 

Leneth of sdqueneo: 30 

Type. of sequence: Nucleic aoid 

Type of Chain s S I ne I e- Stranded 

Topoloety: Linear 

Kind of sequence: Other nucleic acid; synthetic DMA 
Features cf sequence: P: Contains pallJidrome (GACGTC) 
ACCSATGACG TCSCC6TGGA CGGCACCAC6 
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Sequence. No . : 7 . 

Lenoth of s.eQuenca: 29 

Typo of sequoneo: Nucteio aeid 

Type of Chain : S i no k e- str^inded 

Topoioety: Linear 

Kind of soquence Other nuoieie aeid; synthetic ONA. 
Features of sequence: 
ACCGATGAQT C6CC6GT6AC 6GCACCAC6 

Sequence No ; : 8 ' 

Length of sequence: 29 

Type of sequence: Nuo 1 e i c acid 

Type of Chain : SI no I stranded 

Topologty: LITiear 

Kind of aequanoe: Other nucteio acid; synthetic ONA 
Features of sequence: P: Contains palindrome C6AC6TC) 
ACC0AT6AC6 TCGCCGGtGA CGGCACCA6 

Sequence No. : 9 

Leneth of sequence: 30 

Type of sequence: Nucleic acid 

Typet of Chain : S I no I e* Stranded 

Topolooty: Linear 

Kind of sequence: Other nuo I e i c ac i d ; synthetic ONA 
Features of sequence: P: Contains palindrome CGACQTC) 
GACGTC6CCG GTGAC66CAC CACGACC6AT 
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Sa^iuenee No.: 10 

LonotK of soauonoo: 30 
s . 

Type of soauonco: Nucleic acid 

Type of Chain : S I ne I e- sirranded 
Topploety: Linear •' ^ 

Kind of sequence: Other nucleic acid; synthetic PWI 
Features of eeauence: P: Contains pilindrome <GACGTC) 
ACCACQACCG AT6AC6TCGC CGGTSACGGC 


18 


Sequence No.: 11 
Length of sequence: 30 
Type of sequence: Nucleic acid 
Type of Chain : Single- s-branded 
Topologty: Linear 
» Kind of sequence: Other nucleic ac I d; synthetic DNA ' 

Features of sequence: P: Contains palindrome (AAC6TT) 
ACCQATAACG TTGCCGGTGA CGQCACCACQ 

38 

Sequence No. : 12 
. ^ Length cf sequence: 30 

Type of sequence: Nucleic acid 
Ty pe of Chain : S I ns I e- stranded 

48. 

Topoioety : Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contarne palindrome (AGQGCT) 
ACCGATAGCG CTGCCGQTGA C6GCACCACG 

88 
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Sequdnc9 No . : 13 

LensCh of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i ne I e- stranded 

Topoleety: Linear . 

Kind of aequenoe: Other nucleic ae i d ; synthetic DNA 
Featurea of sequence: 
TCGGTGCAGiS GAATGTCGCA GGACCCGGTC 

Sequence No . : 14 

Length cf sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain ^ S i no I e- stranded 

Topoloety: Lfnear 

Kind of aequence: Other nucleic ae I d > synthetic ONA 
Featurea of sequence: P: Cental na palindrome CGACGTC) 
TCGGTGSACG TCATGTCGCA GGACCCGGTC 

Sequence >lo,: -15 

Leneth cf sequenee: 30 

Type of aequence: Nucleic acid 

Type of Chain : S i n e i e stranded 

Topoloety: Linear 

Kind of sequence: Other nucleic ac i d ; synthetic ONA 
Features of sequence: P: Contains palindrome CCGATCG) 
TC6GTGCGAT CGATGTCGCA GGACCCGGTC 
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Sequence Nq.,: 16 

Lensch of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : s i ne I e - s1:randed 

Topolosty: Linear 

Kind of sequence: Other nucleic acrd; synthetic ONA 
Features of eequence: P: Contains pallndroiae (ATCGAT) 
TCGGTCATCG ATAT6TCGCA GGACCCGGTC 

Sequence No . : 17 

Leneth of sequence: 30 

Type of saquencet Nucleic acid 

Type of Chain : S I n o I e - s-tranded 

Topoloaty: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (TCGC6A) 
TCG6TGTC6C GAATQTCGCA GGACCCGGTC 

Sequence No • : 18 

Lenath of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S I ng I e- Stranded 

Topolooy: Linear 

Kind of sequence: Other nucleic ac I d ; ' synthet i c DNA 
Features of sequence: P - CoTi.talns palindrome CGCGCGC) 
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TCGGTGQCGC GCATGTCGCA GGACCCGQTC 

Sequence No . : 19 

Leneth of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : 5 i ne I e-slnrancled. 

ToPotogy: Linear 

Kind of sequence: Other nucteic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (CGTACG) 
TCQQTGCQTA CQATGTCGCA GGACCCGQTC 

Sequence No . : 20 

Length of sequence: 30 

Type of seqvsence: Nucleic acid 

Type of Chain : Single-stranded 

Topoioey: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (CGGCC3) 
TCGGT6CGGC CGATSTCGCA GGACCCGGTC 

Sequence No. : 2t 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S Ina I e-stranded 

Topology: Linear 

Kind of sequence: Other nucleic add; synthetic ONA 
Features of sequence: P: Contains palindrome (6ACGTC) 
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AAAAGAA6TG GGGACGTCTT ACGATCACCA 

Sequence No . : 22 

Lenoth of seAuence: 30 

Type of sequence: Nuoteic acid 

Type of Chain : S-l no I e- siOTJided 

Topoloey: Linear 

Kind, of sequence: Other nueleio acidv synthet.lc ONA 
Features of sequence: P: Contains pa I I nd rome CGQACGTCC) 
AAAAQAAGTG GQGACGTCCT ACGATCACCA 

Sequence No.: 23 

Lenoth of sequence: 30 

Type of sequence: Nucleic acid 

Typo of Chain : S I ng I e- stranded 

Topotooy: Linear 

Kind of sequenoe: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome CCGGACQTCCG) 
AAAA6AAGT6 CGQAC6TCCG ACGATCACCA 

Sequence No . : 24 

Length of sequence: 30 

Type of sequence': Nucleic sold 

Type of Chain : S I no I e- 8l3»nded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: p: Contains palindrome (ACGT) 
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AAAAGAAGTG GQAACGTCTT ACGATCACCA 

Sequence No. 25 

Lenoth of sequence: 6 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e- sl^randed 

Topology: Linear 

Kind of sequencer * Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome CGACGTO 
GACGTC 

Sequence No . : 26 

Length of sequence: fO 

Type of eequenoe: Nuoleic acid 

Type of Chain : S i no I e -Stranded 

Topology: Linear 

Kind of sequence: Othor nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (GACGTC) 
ATGACGTCGC 

Sequence No.:. 2T 

Lenoth of sequence: 15 

Type of sequence: Nuoleic acid 

Type of Chain : S I no I e -stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: p: Contains palindrome CGACGTO 
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CCGAtGACGT C<3CCG. 

Seauenea No.: 28 

Length of sequence: 20 

Type of seeuenae: Nucleic acid 

Type of Chain : Si no i e<- Stranded 

To p o I o fl y : . .L I n e a r 

Kind of sequence: Other nucleic add; synthetic ONA . 
Features oP seouenoe: P: Contains palindrome CGAC.GTC) 
' GACCGAT QAC GTCGCCGGTG 

Sequence No. : 29 

Lehe.th of sequence:. 30 

Type of sequence: Nucleic acid 

Type of Chain : SI no I e-r Stranded 

Topblogy: Linear 

Kind of sequence: Other .nuclei c aotdi synthetic DNA 
. Features of sequence: P: Conta Ins pa I I ndreme (GACGTC) 
TGACAGACCG AT6ACGTC6C CGGTG6AC6Q 

Seituenee No. : 30 

Lensth of sequeneot 45 

Type, of sequence t Nucleic acid 

Type of Chain : Slngle-StraxKled 

Topoiooy : Linear 

kind of sequence: Other nucleic aeld; synthetic ONAT 
Features of sequence: P: Contains palindrome (GACGTO 
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CCAQTGATTG ACAGACCQAT GACGTCGCCS QTGQACQQCT CAGTG 

Sequence No . : 31 

Length of sequence: 60 

Type of eequence: Nuoteio acid 

Type of Che in : S i ng 1 e -Stranded 

Topotogy: Lineer 

Kind of sequence: Other nucleic acid; synthetio ONA 

Features of sequence: P: Contains palindrome (QACGTC) 

T6C6ACCCCA GTGATTGACA GACC6ATGAC GTCGCCGGTG GACGGCTCAG TGATAATTTA 

Sequence No . : 32 

Length of sequence: 80 

Type of sequence- Nucleic acid 

Type of Chain : S I ng I e-Slaranded 

Topo I ogy : Li near 

Kind of sequence: Other nucleic aoid^' synthetic ONA 
Features of sequence: P: Contains palindrome (GACGTC) 
CCTCA6TCAC TGCGACCCCA GTGATTGACA GACCGATGAC GTCGCCGGTG GACGGCTCAG 
TGATAATTTA GATAGTACAC 

Sequence No . : 33 

Length of sequence: 45 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e -stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
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Features of seauenco: P: Contains palindrome (GAC6TC) 
ACCSAT6ACG TCGCGACGTC CQGCACCACG ACGGCCACCG TGCTG 

Sequence No . : 34 

Length of sequence: 45 

Type of sequence: Nucleic ac i-d 

Type of Chain : S i no I e-strandLed 

Topology: Linear 

Kind of sequence: Other nuelf»ic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (GACGTC) 
ACCQATGAC6 TCGCGACGTC CGGACGTCCG ACGGCCACCG TGCTG 

Sequence No . : 35 

Length of secue'nc'e: 4S 

Type of sequence: Nucleic acid 

Type of Chain : S I ng I e -Stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features. of sequence: P: Ccntains palindrome CGACGTC) 
ACCGATGACG TCGCGACGTC CGGACGTCCG GACGTCACCG TGCTG 

Sequence No.: 36 

Length of eaquenee: 45 

Type of sequence: Nucleic aold 

Type of Chain : S I no I e-strazri.ed 

Topology: Linear 

Kind of sequence: Other nucleic aeldi synthetic ONA 


33 


EP 0 468 SSSQ,A2 


Features of doauenee: P: Containe pa.Mndrome CGACGTC) 
ACC6AT6ACG TC6C6ACGTC C6GACGTGCG GACGTCACC6 ACGTC 

Saq.u.enoe No.: 37 

Lena th' of sa.^uaftoa: 30 

Type of s,aquaitea: Nuctaie acid 

Typa .o.f chain: Sinola-atrandad 

TopolosV: Linear 

Kind of soAuenoe: Other nucleio acid: synthetic DNA 
Features of sequence: P: Con ta i ns . pa I i nd roma CGACGTC) 
6AC6TCGACG TCGACGTCGA CGTCGACGTC 

Sequence No . : 38 

Lanath of aaquanoa; 30 

type of sequence: Nucleic acid 

Typ« of chain: S I no I are t randad 

Topology: Linear. 

Kind of aaquenee: Other nucleic acidi synthetic ONA 
Features of sequence: P: Contains pal indroma CCACGTG) 
CACGTGCACS f 6CAC6TGCA CGTGCACGTG 

Sequenea No.: 39 

Larieth of sequence ; 30 

Type of aaquanee: Nucleio aold 

Type of chain: Slnole-atrandad 

Topolocy: Linear 

Kind of saquanca: Other nucleic acid; ay^nthet4c ONA 
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Features of sequence: P: Contains palindrome CAACGTT) 
AACQTTAAC6 TTAACGTTAA CGTTAACQTT 

Sequence No . : 40 

Leneth of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Sine I e-stranded 

Topology: Linear 

Kind of sequence: Other . nuc I e i c acid; synthetic ONA 
Features of sequence: P: Contains palindrome CGCGCGC) 
6C6CGCGCQC 6CGCGCGCGC 6CGC0CGCQC 

Sequence No. : 41 

Leneth of sequence: 30 

Type of sequence: Nucleic aold 

Typo of chain: S I no I e-s trandad 

Topotosy: Linear 

Kind, of sequence: Other nucfelo acid; synthetic DNA 
Featurea of aaquence: P: Contains pa I I nd rome CATATAT) 
ATATATATAT ATATATATAT ATATATATAT 

Sequence No. : 42 

Leneth of sequence: 4S 

Typa of sequence: Nucleic add 

Type of chain: Double- Stranded 

Topoldey: Linear 

iClnd of sequence: Other nucleic adld; synthetic ONA 
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Features of saquenca: P: Contains pa I i nd rome .(GACGTC) 
5 • -ACCGATGAC6 TCGCCGGTGA CGGCACCACG ACGGCCACCQ T6CTG-3 
3'-TGGCTACTQC AGCGGCCACT GCCGT6GTGC TGCCGGTGGC AC6AC-5 

Seouanea No.:43 

Lonath of saquenca: 30 

Type of seQuanca: Nucleic acid 

Type of ohain: S i ns I e-s t randed 

Topdiosy.: Linear 

Kind of sequence: Other nuo I e • e. ao i d ; eynthetio DNA 
Features of sequence: P: Contains paiindrone (OACGTC) 
GGGGQ6GGG6 6GGACGTCGG GGGGGGGGGG 

Sequence No.: 44 

tenet.h of sequence: 30 

Type of sequence: Nueleie aeid 

Type of chain: S i na I e-s t randed 

Topoioqy: Linear 

Kfnd of sequence: Other nucleic acid; synthetic ONA 
Features of. sequence: P: Conta i ns pa I indrorae (GACGTC) 
AAAAAAAAAA AAGACGTCAA AAAAAAAAAA 

Sequence No.: 46 

Leneth of sequenoe: 30 

Type of soquenee: Nueleie aeid 

Type of chain: Sln9le--8tranded 

Topoloey: Linear 
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Kind of sequence: Other nucleio acid; synthdC tc: ONA 
Features of ..seauenee P'- Coyi tains pal .lndroae (GACCtTC) 
TTTTTTTTTT TTGACQTCTT TTTTTTTTTT 

Seauence No.: 46 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chai n: S i ng I e*-8 treaded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA . 
Featuree of sciquence: P: Contains pallhdrom^ CGACQTC). 
CCCCCCCCCC CCQACGTCCC CCCCCCCCCC 

Sequence. No.: 4T 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single^stranded 

Topology: Linear 

kind of sequence: Other nueielo acid; synthetic DNA 
Features of sequence: P: Contains pa I I ndrome.CGACGTC^ 
GG6CGCGCGC 6CGACGTCGC GCGCGCGC6C 

Seauence No.: 48 
Length of sequence: 30 
Type of sequence: Nuolele add 
' Type of ohain: S i no I e-s t randed 
Topology: Linear , . 
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Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (GACGTC) 
6AGAGA<3AGA GAGACGTCGA GAGAGAGAGA 

Sequence No . : 49 

Length of sequence: 30 

Typ« of sequence: Nucleic actd 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nuoleio acid; synthetic ONA 
Features of sequence: P: Contains palindrome (CGATCG) 
ACCGATC6AT CGGCCGGT6A CGGCACCAC6 

Sequence No . : 50 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i ng i e-*s t r anded 

Topology: Linear 

Kind of aequenee: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (ATCGAT) 
ACCSATATC6 ATGCC6GTGA CGGCACCACG 

Sequence No . : 51 

Length of sequence: 30 

Type of sequence: Nuclei o acid 

Type of chain: Single-stranded 

Topology: Linear 
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Kl„d of se^uenc: Other nuc.aic acid; synthetic DNA 
Feature, of sequence: P: Contains palindrome (TCGCGA) 
ACCGATTCGC QA6CCGGT6A CGGCACCACG 

Sequence No . '• S2 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S I ne I e-e tr anded 

Topolosy: Linear 

K.nd of nee: Other nucleic acid; synthetic DNA 

F„t«r.. of eecuence: P: Conta.ne pallndro«. <GCGCSCr 
ACCGAT6CGC GCGCCG6TQA CGGCACCACG 

Sequence No.: S3 

Linoth of sequence: 30 

Type of sequence: Nucleic acfd 

Type of chain: Slnale-stranded 

ToPolo«y: Linear 

,„d of ce: Other nucleic .old, .ynthet.c DNA 

F.,tur.a of sequence: P: Contains P.llndro«e CCGTACG) 
ACCGATC6TA CGGCCQSTGA CGGCACCACG 

S««uenee No . : 84 
LenBth of 8«auence: 30 
Type of sequence: Nucleic acid 
Type of chain: SlnoU-strandad 
ToPoUey: Linear 
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Kind of $equ9hea: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome CA6C6CT) 
ACCGATAGCG CT6CC6GT6A C6GCACCAC6 

Sequence No . : 55 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i ns I e-s t rand ed 

Topoloey: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P:. Contains palindrome CCGGCCiS) 
ACCGATCGGC CGGCCGGTGA CGGCACCACG 

Sequence No . : . 56 

Lanoth of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i no I 6*s t randed 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome CGTCGAC) 
ACCGAT6TCG ACGCCGGTGA CGGCACCACG 

Seque,noe No.: 57 

Lenoth of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 
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Kind of seauenca: Other nucleic acid; synthetic QNA. 
Features of sequence: P: Contains pa I i ndr ooe (CGCGCG5 
ACCGATCGCG CGGCCGGTGA CGGCACCACG 

Seciuence No . : 58 . 

Leneth of sequence: 30 

Type of sequence: Nucleic, acid 

Type of chain: SI ne I e-s t r anded 

Toeolooy: Linear 

Kind of sequence: Other nucleic acid; synthetlcONA 
Features of sequence: P: Contains palindrome (ACGCGT) 
ACCGATACGC GT6CCGGT6A CGGCACCACG 

Sequence No . : 59 

Leneth of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i ns I e-s tranded 

Tope I coy: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequenoe: P: Contains palindrome CAAGCTT) 
ACCGATAAGC TTGCCQQTGA CGGCACCACG 

Sequence No. : 60 

Length of sequence: .30 

Type of sequence: Nucleic acid 

Type of chain: S l no l o-s trand-ed 

Topoloey: Linear 
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Kind of sequence: Other nucleic acid; synthetic ONA 
F.eatureis of sequence: P: Conta ins pa I i ndrone (TTATAA) 
ACCGATTTAt AAGCCaGTGA CGGCACCACQ 

Sequence No . : 61 

Length of sequence: 30 

Type of sequence: Nucleic acid. 

Type of chain: S I ng i e*s t r anded 

Topolosy: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome CTATATA) 
ACCGATTATA TAGCCGGTGA CGGCACCACG 

Sequence No. : 62 

Length of sequence: 30 

Type of seque-nce: Nucleic acid 

Type of chain: Single-strahded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence': P: Contains palindrome CAGTACT) 
ACCGATAGTA CTdCCGGTGA CGGCACCACG 

Sequence No*: 63 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Typci of chain: SI ng i e-stranded 

Topology: Linear 
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Ki„a of ,.,u.nc.: Other judaic acid; synthetic ONA 
Feature, of seaoenc.: P: Contain, pa..ndrc«. (GAATTC) 
ACCGATGAAT TCQCC6GTGA CQ6CACCAC6 

Saauenee No. : 64 

Lanath of sequence: 30 

Type of aeqoanoe: Nucleic acid 

Type of chain: S I no I e-st r ended 

Topetooy: Linear 

Kind of aaquenoa: Other nucl.ic acid, synthetic ONA 
Features of P: Contains pa.lndro«e CCTGCAG) 

ACCGATCTGC AGGCC66TQA CQ6CACCACG 

Seauanea No.: 6S 

Lanath of sequence: 30 

Type of baquenee: Nucleic acid 

Type of chain: SI no I a-a trandad 

Topoloay: Linear 

Kind of nee: 0th .old; synthetic ONA 

P,.ture. of — ^ contains P.llndro«. CAAATTT) 

ACC6ATAAAT TTGCC66TGA CGGCACCACG 

Sequence No. : 66 

Lanath of sequenoa: 30 

Type of sequence: Nucleic acid 

Type of chain: SInala-atranded 

Topoloay: Linear 

. ri*t»-r nucleio aeldi synthetic ONA 
Kind of sequence: Other nuoiaio 
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Features of sequence: P: Contains pa H nd r ome . (CCTAGG) 
ACC6ATCCTA GG6CCGGTGA CGGCACCACG 


Ctaims 

1. An immunostimulatory remedy containing, as the active ingredient a single-stranded, linear polydeox- 
yfit3onucleotide with a base number of tO to tOO containing at least one structure represented by the 
following general formula: 

5-X„ • • -XaXaX, Y, YiYa • • • Y«-3* (») 

{ wherein n Is an integer from 3 to 50: X,, Xz. Xa, X„ and Y,, Ya. Ya. Y„ are each a 
monodeoxyribonucleotide; X», Xa, X,. • • • and Ki may be the same or different nucleotides: and t>ases 
in Xi and Yt. in X2 and Ya, in Xa and Ya. in • • *. and in X„ and Y„ are complementary with each other 
as defined by Watson & Crick ) or a salt thereof. 

2. An immurKJStimulatory remedy containing, as the active ingredient a double-stranded, linear polydeox- 
yrtbonucieotide or a salt thereof, in which at least one single^anded. linear polydeoxyribonucieotide 
contains at least one stnicture represented by the general formula (1). 

a. An ImmunostlmulatDry remedy as described in Claim 1 or 2. wherein Xi in the general formula (D is 
deoxyguanyllc acid or deoKycytldyltc acid. 

4. An immunostimulatory remedy as described in Claim 1 or 2. wherein the structure represented by the 
general formula (I) is 5'-QACGTC-3* ( wherein G is deoxyguanyllc acid. A is deoxyadenylic actd. C is 
deoxycytidylic add. and T is deoxythymtdync acid ). 

5. An immunostimulatory remedy as described in Claim 1 or 2, wherein the structure represented by the 
general formula (I) is S*.-AGCQCT-3' ( wherein G is deoxyguanyllc acid. A is deoxyadenylic acid. G is 
deoxycytxdyBc add. and T is deoxythymidylic add ). 

6. An ImmunostlmuialDry remedy as described in Qaim 1 or 2. wherein the structure represented by the 
general fbrmula (i) is 5'-GATATC-3' ( wherein G is deoxyguanylie actd. A is deoxyadenylic acid. C is 
deoxycytklylic add. and T is daoxythymidyirc add ). 

7. An immunostimulatory remedy as' described In Claim 1 or 2 . wherein the stnicture represented by the 
general formula 0) is 5'«AGQCCT-3' ( wherein Q is cteoxyguanylic add* A is deoxyactenyttc add. C is 
deoxycytidylic acid, and T Is deoxythymidyiic add ). 

8. An immuostimulatory remedy as described In Claim 1 or 2. wherein the structure represented by the 
general fOnnula (I) Is 5'-ACQCGT*3' ( wherein G is deoxyguanyllc add. A Is deoxyadenylic add. C is 
deoxycytidylic add, and T Is deoxythymidylic acid ). 

9. An immunostimulatory remedy as descrit)ed in Claim 1 or 2. wherein the structure represented by the 
general fomiula (I) is 5**CGATCQ-3' ( wherein Q is deoxyguanyllc add. A Is deoxyadenylic add. C is 
deoxycytidylic add, and T is deoxythymidylic acid )* 

10. An Immunostimulatory remedy as described In Claim 1 or 2 . wherein the stnicture represented by the 
general Ibnnula (0 Is 5'-ATCGAT-3' ( wherein G Is deoxyguanyllc add, A is deoxyadenylic acid. C :s 
deoxycytidyrtc add. and T Is deoxythymidyiic add ). 


11. An immunostimulatory remedy as described in Qaim 1 or 2 . wherein the structure represented by *he 
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general formula (I) is 5'-TCGCGA-3* ( wherein G is deoxyguanylic acid. A is deoxyadenylic acid. C is 
■ deoxycytidylic add, and T is deoxythymldylic acid ). 

12. An Immunostimulatory remedy as described in Claim 1 or 2. wherein the structure represented by the 
a general tormuia (1) Is S'-AACGTT-T ( wherein G is deoxyguanylic add. A is deoxyadenylic acid. C is 

deoxycytidyric acid, and T is deoxythymldylic acid ). 

13. An immunostimulatory remedy as described in Claim 1 or 2 . wherein the stnicture represented by the 
general formula (!) is 5'-GCGCGC-3' { wherein G is deoxyguanylic add. and C is deoxycytidylic add ). 

14- An immunostimulatory remedy as described in Claim 1 or 2. wherein the structure represented by the 
general tomwla (1) is 5'-CQTACG-3* ( wherein G is deoxyguanylic add. A is deoxyadenylic add. C is 
deoxycytidylic add. and T is deoxythymldylic add ). 

TS 1S. An immunostimulatory remedy as described in Claim 1 or 2 , wherein the structure represented by the 
general tormuia (l> is 5*-CGGCCG-3' ( wherein G is deoxyguanylic add. and C is deoxycytidyUc add ), 

16, An immunostimulatory remedy as described in qaim t or 2 . wherein the stmcture represented by the 
general tormuia (I) is 5*-GTCGAC-3' ( wherein G is deoxyguanylic add. A is deoxyadenylic add. C is 

20 deoxycytidylic add, and T is deoxythymldylic add )• 

17. An immunostimulatory remedy as described in Claim l or 2 . wherein the structure represented by the 
general tormuia (I) is 5*-CQCQCQ-3' ( wherein G is deoxyguanyfic add. and C is deoxycytidyUc add ). 

2S ia An Immunostimulatory remedy as described in any of Claims 1 through 17 , wherein the portion except 
the structure represented by the general formula (I) Is the repeated structure of deoxyguanyUc add. 

19. An immunostimutatocy remedy as described in Claim 1 or 2 , wherein the structure represented by the 
general formula (I) contains at least one structure of y-CG-S' { wherein Q is deoxyguanyUc add. and C 
30 is deoxycytidync add }. 

aa An immunostimulatory remedy as described in Claim 19 . wherein the portion except the stnicture 
represented by the generagl formula (I) is the repeated structure of deoxyguanyUc add. 

j8 21, An Immunostimulatory remedy as described in any one of Oaims 1 to 20. for the relief of maTignant 
tumors, InfMious dlease^. Immunodefitiency diseases and autoimmune diseases. 
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